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Introduction
Systemic sclerosis (SSc, scleroderma) is a chronic autoimmune disease characterized by excessive fibrosis of the skin and internal organs [1, 2] . Chronic and irreversible damage of the lungs is the primary cause of mortality due to SSc [1] . The pathogenesis of SSc is complex and several biologically active mediators have been shown to participate in the pathogenesis of fibrosis in SSc patients [2] .
One of the mediators implicated in the pathogenesis of SSc is CCL2 chemokine (also referred to as monocyte chemotactic protein-1 -MCP-1). Elevated serum CCL2 levels have been found in SSc patients in comparison to healthy controls [3, 4] . Moreover, elevated levels of CCL2 correlated with the extent of skin fibrosis, indicating its important role in SSc pathogenesis [4] . In a longitudinal study the variations of CCL2, but not other chemokines, were significantly associated with the variations of skin thickness score and lung function assessed as vital capacity [3] . These observations suggest that CCL2 may be considered a serological marker of the activity of skin and lung involvement in patients with SSc. In addition the study emphasizes the role of CCL2 in the pathogenesis of both skin and lung fibrosis in SSc patients. Elevated levels of CCL2 were found in bronchoalveolar lavage fluid (BALF) of patients with interstitial lung disease in comparison to those without interstitial lung disease [5] . Concentration of CCL2 correlated with lung function impairment as evaluated by spirometry and high-resolution computed tomography (HRCT) [6] .
CCL2 belongs to the CC chemokine family and exerts a broad range of pro-inflammatory and pro-remodeling functions [5] . Beside its potent chemoattractant effects CCL2 functions as a strong pro-fibrotic mediator [5] . Human lung fibroblasts cultured in vitro with CCL2 release elevated amounts of interleukin 6 (IL-6) but synthesis of transforming growth factor β (TGF-β) or vascular endothelial growth factor (VEGF) is not affected [7] . This results in enhanced fibroblast survival by inhibiting apoptosis through an IL-6/STAT3 dependent mechanism which in turn may contribute to the development and maintenance of lung fibrosis [7] . CCL2 augments fibroblast proliferation and collagen synthesis during keloid formation in the skin [8] . Skin fibroblasts stimulated with CCL2 release increased amounts of matrix metalloproteinases (MMP) including MMP-1 and MMP-2 as well as MMP inhibitor (TIMP-1), which play an important role in tissue remodeling [9] . Involvement of CCL2 in upregulation of genes coding for extracellular matrix components in the skin of SSc patients has also been described [10] . The pro-fibrotic effect of CCL2 in that clinical setting seems to result from both the direct action of CCL2 on skin structural cells and from its indirect effect via accummulation of immune cells. In addition, CCL2 plays a role in recruitment of fibrocytes to sites of inflammation [11] .
Experimental animal studies support the critical role of CCL2 in tissue fibrosis, emphasizing the critical role of CCL2 in pathogenesis of pulmonary fibrosis. In several disease models CCL2 has been shown to be required for development of pulmonary fibrosis and silencing CCL2 resulted in significant attenuation of lung pathology [12, 13] .
CCL2 is produced by many cell types, including fibroblasts, epithelial, smooth muscle and endothelial cells, but monocytes/macrophages are the main sources of CCL2 [14] . It was therefore of interest to evaluate production of CCL2 by peripheral blood mononuclear cells (PBMC) of SSc patients paying particular attention to possible associations between in vitro production of CCL2 and the presence of interstitial lung disease.
Material and methods
Twenty-three patients fulfilling the ACR classification criteria for SSc and/or the definition of early SSc, as proposed by LeRoy and Medsger, were included in the study [15, 16] . Only patients who had not taken any immunosuppressive therapies or in whom immunosuppressive the- without SLD. Stimulation with LPS led to dramatic increase in expression of CCL2 RNA and CCL2 concentrations in PBMC cultures in all subjects studied. LPS-stimulated expression of CCL2 RNA and the concentrations of CCL2 in LPS-stimulated PBMC cultures were significantly higher in patients with SLD than in those without SLD. Patients with SLD had significantly higher skin core and higher frequency of anti-topoisomerase I antibodies as compared with SSc patients without SLD. However, in multivariate regression analyses including disease subset (diffuse or limited SSc) and the presence of anti-topoisomerase I antibody, spontaneous and LPS-stimulated expression of CCL2 RNA, and the concentration of CCL2 in LPS-stimulated PBMC were independently associated with the presence of SLD. C Co on nc cl lu us si io on ns s: : We show that expression of CCl2 in PBMC is associated with the risk SLD in patients with SSc. The results of our study indicate that increased expression of CCl2 by PBMC might play a role in the pathogenesis of SLD. dowała wzrost ekspresji CCL2 u wszystkich osób zakwalifikowanych do badania. Zarówno ekspresja RNA CCL2, jak i stężenia CCL2 w nadsączach KJKO stymulowanych LPS od chorych ze ŚChP były istotnie wyższe w porównaniu z tymi parametrami u chorych bez ŚChP. Zakres zmian skórnych oraz częstość występowania przeciwciał przeciwko topoizomerazie I (anty-topo I) były istotnie wyższe u chorych ze ŚChP w porównaniu z chorymi bez ŚChP. Jednakże w analizie regresji wielokrotnej obejmującej postać choroby (TU uogólniona lub ograniczona) oraz obecność anty-topo I, spontaniczna oraz stymulowana LPS ekspresja RNA dla CCL2, a także stężenia CCL2 w komórkach stymulowanych LPS były niezależnymi predykatorami ŚChP u chorych na TU. W Wn ni io os sk ki i: : Wykazano, że wzmożona ekspresja CCL2 w KJKO wiąże się z obecnością ŚChP u chorych na TU. Wyniki pracy wskazują, że zwięk-szona ekspresja CCL2 w KJKO może odgrywać rolę w patogenezie ŚChP w przebiegu TU. rapies had been stopped at least 6 months before blood collection were considered eligible. Systemic sclerosis patients were classified as having diffuse SSc (dSSc) or limited SSc (lSSc) based on criteria of LeRoy et al. [17] and evaluated as described previously [18] . Duration of the disease was calculated from the first non-Raynaud's symptom attributable to SSc. In agreement with generally accepted criteria, early SSc was defined as shorter than 3 years in patients with dSSc or shorter than 5 years duration in patients with lSSc measured from the first non-Raynaud symptom. Skin involvement was assessed using the modified Rodnan skin score (mRSS). The presence of scleroderma interstitial lung disease (SLD) was defined based on the presence of features of interstitial fibrosis and/or "ground glass" opacifications in high resolution computed tomography (HRCT) of the lungs. The severity of lung involvement was evaluated by measurements of the forced vital capacity (FVC) and diffusing capacity of the lungs for carbon monoxide (DLCO). Pulmonary hypertension was defined as pulmonary artery systolic pressure (PASP) higher than 45 mm Hg, as measured by echo-Doppler. Patients without tricuspid regurgitation were considered as having normal pulmonary artery pressure. The presence of antinuclear antibodies (ANA) and anti-centromere (ACA) antibodies was assessed by indirect immunofluorescence on Hep-2 cells, while the presence of anti-topoisomerase I (antitopo I) antibodies was assessed by an enzyme-linked immunosorbent assay technique. The control group consisted of 12 age-and sex-matched healthy subjects (HC). Clinical characteristics of the patients and controls are given in Table I .
The study protocol was approved by the local ethics committee and all patients gave appropriate informed consent.
Cell isolation and culture
Heparin anticoagulated peripheral blood samples were obtained from the cubical vein between 7 and 8 a.m. after the patient had fasted for at least 10 hours. Peripheral blood mononuclear cells (PBMC) were isolated from the whole blood using density gradient centrifugation. The isolated PBMC were resuspended in RPMI medium supplemented with 5% fetal calf serum at a density of 10 5 cells/ml and cultured at 37°C under 5% CO 2 with lipopolysaccharide (10 µg/ml) or without any stimulation. Cells for RNA isolation were harvested from the cultures after 6-hour incubation. The cells after separation were immediately lysed in lysis buffer and stored at -80°C until RNA isolation. Supernatants for evaluation of CCL2 production were collected from cultures run for 24 hours and stored at -80°C until measurements. 
Biochemical assays
Total RNA was isolated from cellular pellets using the RNeasy Mini Kit (Qiagen GmbH, Germany). Reverse transcription was performed using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, USA) according to the manufacturer's instructions. Evaluation of CCL2 expression was performed using TaqMan-based realtime polymerase chain reaction (RT-PCR) with a CCL2 specific probe, NM-002982.3. As a control, expression of a housekeeping gene, β2-microglobulin, was evaluated using a specific probe, NM_004048.2. The reaction started with a 10-minute initial denaturation at 95°C, which was followed by 40 thermal cycles, each consisting of 15-second denaturation at 95°C and 60-second elongation at 60°C. The procedure was performed using ABI Prism 7900HT (Applied Biosystems, USA).
Expression of individual genes was calculated using the comparative threshold cycle (CT) method (Fig. 1) . The CT value represents the number of cycles which have to be run to reach the exponential phase of amplification of the evaluated product. The CT of the target gene was compared to that of a housekeeping gene (∆CT = CT target gene -CT housekeeping gene ). In order to compare expression of an individual sample the percentage of housekeeping gene expression was calculated according to the formula: R = = 2 -∆CT × 100%.
Evaluation of CCL2 concentration in the supernatants was performed using commercially available ELISA kits (R&D Systems, Minneapolis, MO, USA).
Statistical analysis
For statistical analysis the ANOVA test and Fisher's test were used as appropriate. Potential relationships between individual parameters were assessed using multivariate regression analyses. P values < 0.05 were considered as significant. Values are given as mean and standard deviations (SD) unless stated otherwise.
Results
High resolution computed tomography of the lungs revealed features of SLD in 11 out of 23 (49%) SSc patients included in the study. There was no significant difference of sex and age distribution between SSc patients with and without SLD or between SSc patients and HC - Table I . Patients with SLD had significantly greater skin involvement and worse results of the pulmonary function tests as compared with SSc patients without SLD. Anti-topo I antibodies were significantly more frequent in patients with SLD (82%) than in those without pulmonary fibrosis (33%, p < 0.05). Anti-centromere antibodies were found in 3 (25%) of the SSc patients without SLD and in none of the SSc patients with SLD. The mean spontaneous expression of CCL2 by PBMC on RNA level was the greatest in patients with SLD (R = 3.78 ±2.82%), being significantly greater than in SSc patients without SLD (R = 0.98 ±0.595%; p < 0.01), which in turn was significantly greater than in HC (R = 0.18 ±0.097%; p < 0.001) (Figs. 1 and 2) .
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∆ ∆R Rn n c cy yc cl le e a am mp pl li ic ca at ti io on n p pl lo ot t p pa at ti ie en nt t w wi it th h S SL LD D patients with SLD (398 ±282 pg/ml), being significantly greater than in SSc patients without SLD (159.8 ±121.6 pg/ml; p < 0.05), which in turn was greater than in HC (37.6 ±10.2 pg/ml; p < 0.01) (Fig. 3) .
In multivariate regression analysis including form of the disease (dSSc vs lSSc) and anti-topo I antibodies, which are well-known risk factors of SLD, CCL2 expression on RNA levels (β = 0.44, p = 0.04) but not the concentration of CCLs (β = 0.33, p = 0.11) was independently associated with the presence of SLD.
Stimulation with LPS led to dramatic up-regulation of CCL2 expression and increase of CCL2 concentrations in PBMC supernates in both SSc patients and HC (Figs. 1, 2  and 3 ). In cultures stimulated with LPS the greatest mean expression of CCL2 RNA was detected in SLD patients (R = 26.3 ±8.7%), which was significantly greater than in SSc patients without SLD (R = 15.3 ±5.8%; p < 0.01), which was greater than in HC (R = 9.49 ±6.58%; p < 0.05). In cultures stimulated with LPS the mean concentration of CCL2 was the greatest in patients with SLD (23 833 ±9767 pg/ml), being significantly greater than in SSc patients without SLD (15023 ±5925 pg/ml; p < 0.05), which was significantly greater than in HC (9690 ±6576 pg/ml; p < 0.05). In multivariate regression analysis including form of the disease (dSSc vs lSSc) and anti-topo I antibodies both LPS-stimulated CCL2 expression on RNA levels (β = 0.51, p < 0.01) and the concentration of CCLs in PBMC (β = 0.44, p < 0.05) were independently associated with the presence of SLD.
Discussion
In this study we have demonstrated that PBMC are an important source of CCL2 in patients with SSc. Moreover, we have shown that PBMC from SSc patients are characterized by enhanced production of CCL2 both spontaneously and upon LPS stimulation and the increased production is associated with up-regulation of CCL2 expression on the transcriptional level.
Many exogenous factors and endogenous mediators affect production of CCL2. Its expression is induced by platelet-derived growth factor (PDGF) [19] , tumor necrosis factor α (TNF-α) [20] , interferon γ (IFN-γ) [21] , and IL-1β [22] . Eicosanoids including prostaglandin E2 (PGE2), TXA2 and 15(S)-HETE also induce the expression of MCP-1 [23] [24] [25] .
In patients with SSc elevated production of several pro-inflammatory cytokines has been described [2] . The increased production of proinflammatory cytokines such as IL-1β or TNF-α may induce secretion of CCL2; however, elevated production of CCL2 seen spontaneously and after stimulation may argue for more complex mechanisms responsible for elevated synthesis of CCL2 by PBMC. In fact, several genetic and epigenetic factors affecting expression of CCL2 have been described. Among genetic factors an A-2578G single nucleotide polymorphism which is functional and affects expression of CCL2 is associated with sus ceptibility to some chronic diseases such as asthma or lupus nephritis [26] [27] [28] [29] . Moreover, altered histone acetylation plays a role in the regulation of CCL2 expression, indicating an important role of epigenetic factors in CCL2 expression [30] .
Of interest, the highest secretion of CCL2 in response to LPS seen in patients with SLD may explain the predisposition of localization of inflammation and fibrosis to the lungs due to particular exposure of that organ to bacterial products and vital involvement of mononuclear phagocytes in the inflammatory response in the respiratory tract. However, it cannot be inferred from our study whether elevated expression of CCL2 by PBMC is directly involved in the pathogenesis of SSc or it reflects general abnormalities in CCL2 production seen also in other cells such as epithelium or fibroblasts. Further studies are required to clarify the mechanisms responsible for involvement of CCL2 in the pathogenesis of SSc. In summary, our study demonstrates that peripheral blood mononuclear cells of SSc patients may participate in augmented synthesis of CCL2 through up-regulation of CCL2 gene transcription. In addition, it shows that among SSc patients enhanced production of CCL2 by those cells is associated with SLD, a most ominous organ involvement.
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